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SUMMARY 
A s  p a r t  of a j o i n t  NASA/FAA program t o  determine t h e  advantages and disadvan- 
t ages  of Head-Up Disp lays  (HUD) i n  c i v i l  t r a n s p o r t  approach and landing  opera- 
t i o n s ,  an  ope ra t iona l  e v a l u a t i o n  was conducted on t h e  F l i g h t  Simulator f o r  Ad- 
vanced A i r c r a f t  a t  Ames. Two HUD concepts were eva lua ted  during t h i s  s tudy:  
( a )  a non-conformal HUD which contained r a w  d a t a  and F l i g h t  command 
in fo rna t ion ;  and ( b )  a conformal, f l i g h t  pa th  HUD. Both HUD concepts were 
designed t o  p e r m i t  t e rmina l  area maneuvering, i n t e r c e p t ,  f i n a l  approach, 
f l a r e ,  and landing  opera t ions .  Twelve B-727 l i n e  p i l o t s  (Captains) f lew a 
series of p r e c i s i o n  and non-precision approaches under a v a r i e t y  of environ- 
mental  and o p e r a t i o n a l  cond i t ions ,  i nc lud ing  wind s h e a r ,  tu rbulence  and low 
c e i l i n g s  and v i s i b i l i t i e s .  A pre l iminary  comparison of va r ious  system and 
p i l o t  performance measures as a func t ion  of d i s p l a y  type  ( F l i g h t  D i rec to r  
HUD, F l i g h t  Pa th  HUD, o r  N o  HUD) has i n d i c a t e d  improvements i n  p r e c i s i o n  and 
accuracy of a i r c r a f t  f l i g h t  pa th  c o n t r o l  when us ing  t h e  HUDs. 
a l s o  demonstrated some p o t e n t i a l l y  unique advantages of a f l i g h t  p a t h  HUD 
dur ing  non-precision approaches. 
D i rec to r  
The r e s u l t s  
INTRODUCTION 
The experiment r epor t ed  i n  t h i s  paper i s  one of a s e r i e s  of s t u d i e s  conducted 
under a j o i n t  agreement between t h e  FAA and NASA. The program was organized 
i n t o  four  major phases: Phase I ,  f o r  which the  FAA had major r e s p o n s i b i l i t y ,  
w a s  a review of the  r e l e v a n t  l i t e r a t u r e ,  and a n  a n a l y s i s  of t he  major i s s u e s  
surrounding HUD; Phase 11, conducted a t  Ames Research Center, focussed upon 
fundamental human f a c t o r s  i s s u e s  r e l a t e d  t o  HUD and upon t h e  development of 
candida te  HUD concepts t o  be f u r t h e r  eva lua ted  i n  Phase 111, which focussed 
upon t h e  major ope ra t iona l  i s s u e s  a s s o c i a t e d  wi th  HUD and which is  t h e  sub- 
ject  of th i s  r epor t .  Phase I V  of the  program c o n s i s t s  of f l i g h t  tests con- 
ducted i n  an  FAA a i r c r a f t ;  t h i s  p a r t  of t he  program is  c u r r e n t l y  underway, and 
w i l l  be r epor t ed  i n  a f u t u r e  r e p o r t .  The following i s  an  overview of t h e  
Phase I11 o p e r a t i o n a l  eva lua t ion  only. No a t tempt  has  been made here  t o  sum- 
marize the  e n t i r e  Phase 111 s tudy ,  and f o r  complete d e t a i l s ,  t h e  reader  i s  re- 
f e r r e d  t o  t h e  f i n a l  r e p o r t  f o r  t h a t  p r o j e c t  ( r e f .  1). 
OBJECTIVE S 
The primary o b j e c t i v e s  of t h i s  s tudy  were t o  determine the  b e n e f i t s  of HUDs 
during manually flown, v i s u a l l y  re ferenced  approaches and landings ,  and t o  
determine p o t e n t i a l  problems a s s o c i a t e d  wi th  t h e i r  use. Secondary o b j e c t i v e s  
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included a pre l iminary  eva lua t ion  of va r ious  a n c i l l a r y  i s s u e s ,  inc luding  
f l i g h t  crew ope ra t ing  procedures and f l i g h t  crew t r a i n i n g  requirements assoc i -  
a t e d  with t h e  use  of HUD i n  j e t  t r a n s p o r t  opera t ions .  
APPROACH 
Two candidate  HUDs were developed f o r  use i n  t h e  Phase 111 evalua t ion :  (1) a 
f l i g h t  pa th  HUD, descr ibed  i n  t h e  pape r  appearing elsewhere i n  these  proceed- 
i n g s  by Bray and S c o t t  ( r e f .  2 ) ;  and (2) a f l i g h t  d i r e c t o r  d i sp l ay ,  hescr ibe2  
i n  r e fe rence  3. Both of t h e s e  HUDs w e r e  designed t o  b e  capable  f o r  use  dur ing  
p r e c i s i o n  and non-precision approaches. In a d d i t i o n ,  bo th  d i s p l a y s  were 
designed s o  t h a t  l i m i t e d  terminal area maneuvering and i n t e r c e p t  of t h e  f i n a l  
approach guidance could be  accomplished us ing  on ly  information on t h e  HUD. 
Ten l i n e  q u a l i f i e d  B-727 c a p t a i n s  served as s u b j e c t  p i l o t s  f o r  t h i s  experi-  
ment. Following completion of a comprehensive t r a i n i n g  program which cons is t -  
ed of handout material, l e c t u r e  and 35 mm s l i d e s ,  video tapes  and s imula tor  
t r a i n i n g ,  s u b j e c t  p i l o t s  f lew a series of p rec i s ion  and non-precision ap- 
proaches under a v a r i e t y  of environmental  and ope ra t iona l  condi t ions ,  includ- 
ing  head-, cross-  and qua r t e r ing  ta i l -winds,  c e i l i n g s  and v i s i b i l i t i e s  near  
t he  appropr i a t e  minima f o r  t he  approach type,  and var ious  o ther  cond i t ions ,  
inc luding  wind shea r ,  v a r i a b l e  v i s i b i l i t i e s  and simulated runway incurs ions .  
An i d e n t i c a l  series of approaches was flown f o r  each of the  three  d i s p l a y  con- 
d i t i o n s  ( f l i g h t  pa th  HUD, f l i g h t  d i r e c t o r  HUD, and no HUD). In  a d d i t i o n  t o  
ob jec t ive  measures of a i r c r a f t  f l i g h t  pa th  and a i r speed  c o n t r o l ,  sub jec t  p i -  
l o t s  were asked t o  complete s e v e r a l  ques t ionna i r e s  and r a t i n g  scales dur ing  
the  course of the experiment. 
RESULTS 
Object ive performance measures were analyzed by phase of approach and d i s p l a y  
type.  S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e rences  i n  performance as a func t ion  of 
d i s p l a y  type were observed f o r  23 v a r i a b l e s  a t  va r ious  s t a g e s  of t he  approach 
and landing. A l l  were measures of e i t h e r  a i r speed ,  l a t e r a l  f l i g h t  pa th ,  or  
v e r t i c a l  f l i g h t  pa th  con t ro l .  General ly ,  performance using e i t h e r  of t he  two 
HUDs showed improved p rec i s ion  and accuracy when compared t o  normal, no-HUD 
approach and landing opera t ions .  S i g n i f i c a n t  improvements i n  ver t ica l  f l i g h t  
pa th  con t ro l  were p a r t i c u l a r l y  no t i ceab le  f o r  non-precision approaches con- 
ducted using the  f l i g h t  pa th  KUD. 
P i l o t  opinion and r a t i n g  d a t a  show s t rong  preferences  f o r  the  f l i g h t  pa th  
d i s p l a y  compared t o  convent ional  panel  instruments .  Opinion w a s  d iv ided  wi th  
r e s p e c t  t o  t h e  f l i g h t  d i r e c t o r  HUD. 
CONCLUSIONS 
The pre l iminary  r e s u l t s  of t h e  s tudy  have i n d i c a t e a  t h a t  t h e  use  of a HUD can 
r e s u l t  i n  improvements i n  t h e  p r e c i s i o n  and accuracy of f l i g h t  pa th  c o n t r o l  
under a v a r i e t y  of circumstances.  These b e n e f i t s  w e r e  p a r t i c u l a r l y  not ice-  
a b l e  f o r  t h e  f l i g h t  pa th  d i s p l a y  dur ing  non-precision approaches. Other 
observa t ions  and conclusions w e r e  made regard ing  HUD des ign ,  t r a i n i n g  
requirements ,  and o p e r a t i o n a l  procedures.  
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